INTRODUCTION {#s1}
============

Ovarian cancer is the eighth most common female cancer worldwide and the eighth in mortality \[[@R1]\]. The 5-year survival rate for patients with advanced ovarian cancer is 30%, despite the use of platinum-based chemotherapy and taxanes \[[@R2]\]. The high mortality is associated with difficulties in early detection because ovarian cancer rarely causes subjective symptoms; 40% to 50% of patients have the diagnosis in advanced stages (III or IV) \[[@R3]\], and safe, minimally invasive procedures for early detection have not been established. Improvements in ovarian cancer diagnosis and more precise instruments for prognostic determination may improve the odds of survival \[[@R3]\]. microRNA (miRNA) are small, non-coding RNA molecules of 20-22 base pairs length that function in transcriptional and post-transcriptional regulation of gene expression by targeting complementary sequences of DNA and mRNA \[[@R4]\]. miRNAs have been shown to affect virtually all cellular functions, including proliferation, apoptosis, cell cycle, and differentiation, and have been associated with several cancers. In epithelial ovarian cancer, several miRNAs are abnormally expressed and may act as either tumor suppressors or oncogenes ([Figure 1](#F1){ref-type="fig"}) \[[@R4]\].

![miRNA in ovarian cancer.](oncotarget-11-1085-g001){#F1}

MATERIALS AND METHODS {#s2}
=====================

Search strategy {#s2_1}
---------------

A PubMed search was conducted by two independent researchers using the terms "microRNA" and "ovarian cancer" or "miRNA" and "ovarian cancer", and with a publication date prior to 2/2/2019. Each unique article was then evaluated according to the following criteria:

Inclusion criteria {#s2_2}
------------------

-Studies that demonstrated a relationship between miRNA expression levels in epithelial ovarian cancer and:

-Overall survival (OS)

-Disease free survival

-Resistance to chemotherapy (cisplatin and/or paclitaxel)

-Sensitivity to chemotherapy (cisplatin and/or paclitaxel)

-Cell proliferation and/or migration

Exclusion criteria {#s2_3}
------------------

-Studies that addressed tumors other than ovarian cancer

-Studies that addressed non-epithelial ovarian cancer

-Studies that do not address ovarian cancer

-Review articles

-Studies in animal tissue

The articles were evaluated for inclusion by two independent researchers and discrepancies were resolved by a third researcher. The PRISMA checklist was followed for systematic review building. <http://prisma-statement.org/PRISMAStatement/PRISMAStatement.aspx>.

Most of the miRNAs found had been cited only in one or two articles and we considered this insufficient evidence for analysis. Therefore, only miRNAs cited in three or more papers were considered for final analysis.

Statistical methods {#s2_4}
-------------------

For construction of the meta-analysis correlating miRNA expression level to OS we used the hazard ratio (HR) as the association measure and a confidence interval of 95%. A forest plot graphic was used to visualize the results. Heterogeneity of studies was evaluated using the *I*^2^ test under null hypothesis of no heterogeneity between studies. The resume measures were calculated for family whereas the value of sample size as weight of each study. The forest plot graphic represents the measure of association of each study. All analyses were calculated in STATA software for Windows v1.1.

RESULTS {#s3}
=======

Systematic review {#s3_1}
-----------------

Using the keywords "ovarian cancer" and "miRNA" or "ovarian cancer" and "microRNA", 1,482 articles were identified. After the exclusion of 546 duplicate articles, 936 were evaluated according to inclusion and exclusion criteria. Finally, 497 articles were selected for systematic review ([Figure 2](#F2){ref-type="fig"}). In these eligible articles were described 350 miRNAs ([Figure 3](#F3){ref-type="fig"}).

![Flowchart of identification and selection of articles to literature systematic review.](oncotarget-11-1085-g002){#F2}

![Flowchart of selection of miRNAs to overall survival meta-analysis.](oncotarget-11-1085-g003){#F3}

The majority of the miRNAs identified were cited one or two times in the 497 articles selected. With the intention to select the ones more cited in the literature and to study these miRNA with more complexity, we reviewed only the miRNA that had been cited three or more times.

First, expression levels of miRNAs in ovarian cancer samples were compared to those of healthy/benign samples. We found in the articles included in this study that ovarian cancer samples showed higher levels of miR-125b, miR-126, miR-1307, miR-182, miR-23a, miR-27a, miR-200b, miR-200c-3p, miR-205, miR-221, miR-30d, miR-31, miR-375, miR-429, miR-509-3p, miR-9, let-7a, let-7d, let-7c, and let-7f. In contrast, ovarian cancer samples showed lower levels of miR-139-5p, miR-149, miR-199a-3p, miR23b, miR363, miR-409-3p, and miR-494 ([Supplementary Table 1](#SD2){ref-type="supplementary-material"}).

The miR-106a, miR-145, miR-148a, miR-152, miR-199a, miR-497, miR-93, and let-7 family presented more than one discrepancy in their expression among ovarian cancer samples compared to healthy/benign sample. We identified that miR-155, miR-200a, miR-200c, miR-506, miR-130b, miR-133a, miR-137, miR-141, miR-193b, miR-21, miR-22, miR-25, miR-29b, miR-335 and let-7b were upregulated in ovarian cancer samples compared to healthy/benign sample in all articles included in this systematic review, except one in each group which was downregulated**.** ([Supplementary Table 1](#SD2){ref-type="supplementary-material"}). miRNAs related to cell proliferation were also evaluated and upregulation of miR-106a, miR-182, miR-25, miR-200a, miR-200c-3p, miR-203, miR-205, miR-221, miR-30d, and miR-603 was found to be related to increased cell proliferation. In contrast, miR-125b, miR-130b, miR-133a, miR-137, miR-145, miR-148a, miR-149, miR-152, miR-199a, miR-22, miR-23b, miR-29b, miR-200c, miR215, miR-34a, miR-34c, miR-363, miR-429, miR-494, miR-497, miR-506, miR-509-3p, miR-9, and let-7b reduces cell proliferation when upregulated. Downregulation of miR-193b and miR-199a-3p is related to increased cell proliferation ([Supplementary Table 2](#SD3){ref-type="supplementary-material"}).

miRNAs related to OS were analyzed and decreased OS was associated with the downregulation of miR-106a, miR-139, miR-145, miR-148a, miR-182, miR-22, miR-23b, miR-29b, miR-30a, miR-335, and miR-497, and with upregulation of miR-141, miR-149, miR-20a, miR-21 miR-23a, miR-25, miR-27a, miR-200b, miR-203, miR-221, miR-30d, and miR-363 in articles included in this study. There was a relationship between increased OS and upregulation of miR-506 and miR-9 and with downregulation of let-7a and let-7d in these articles. We identified a discrepancy between upregulated and downregulated status of miR-200a, miR200c, miR-200c-3p, miR-30d, miR-429, and miR-509-3p and the length of overall survival ([Supplementary Table 3](#SD4){ref-type="supplementary-material"}).

In terms of resistance to platinum, upregulation of miR-125b, miR-133a, miR-141, miR-182, miR-193b, miR-1307, miR-20a, miR-21, miR-27a, miR-215, miR-30a-5p, miR-31, miR-93, and miR-509-3p was related to cisplatin resistance, as was downregulation of miR-152, miR-199a, and let-7c. It is known that decreased resistance to platinum agents is related to upregulation of miR-149, miR-155, miR152, miR-199a, miR200b, miR-200c, miR-30d, miR-34c, miR-363, miR-497, miR-506, miR-9, and let-7i, and to downregulation of miR-23a and miR-603. There were discrepancies with miR-106a, miR-130b and miR-34a in terms of increased or decreased resistance to cisplatin when upregulated or downregulated ([Supplementary Table 4](#SD1){ref-type="supplementary-material"}).

In terms of resistance to paclitaxel, increased resistance was associated with upregulation of miR-106a, miR-182, miR-1307, miR-21, miR-27a, miR-30a and miR-490-3p and with downregulation of miR-141, miR-145, miR-148a, miR-149, and miR-200c. Decreased resistance to paclitaxel was associated with upregulation of miR-29b, let-7i, miR-199a, miR-200a, miR-200c and miR-215. There was also discrepancy in terms of increased sensitivity to paclitaxel and miR-130b expression ([Supplementary Table 5](#SD1){ref-type="supplementary-material"}).

Overall survival meta-analysis {#s3_2}
------------------------------

For construction of the OS meta-analysis were selected miRNAs that had been cited three or more times. Two hundred and ninety miRNAs had been excluded for don't addresses any OS data, leaving 60 miRNAs, 37 of which were excluded because they didn't directly address OS. Eleven more were excluded for lacking necessary data. Twelve miRNAs were included in the final forest plot ([Figure 4A](#F4){ref-type="fig"} and [4B](#F4){ref-type="fig"}). To miR-200 family, the meta-analysis results showed that when upregulated miR200b and miR-200a may signify risk factors related to decreased OS. Regarding miR-200c, results were inconclusive. In one article it was related to increased OS and in two other articles with decreased OS. To miR-30 family, miR-30a and miR-30d when upregulated, there appeared to be a trend towards increased OS, but it was not statistically significant It was found only one article for miR-145, miR-148a, miR-335, and miR-23b that when upregulated appear to indicate good prognosis. To miR-25, miR-429 and miR-373 was found only one article for miR and when upregulated may signify risk factors related to decreased OS. For the random effect model considering as weight of the studies the sample size was performed a test of heterogeneity: χ^2^ = 60.74 *p \<* 0.001. I^2^ = 72.0%. ([Figures 4A](#F4){ref-type="fig"}, [5A](#F5){ref-type="fig"}--[5C](#F5){ref-type="fig"}).

![(**A**) miRNA expression level decreased versus increased expression level correlated to overall survival. (**B**) miRNA and their respective status correlated to overall survival. OS: overall survival; up: upregulation; down: downregulation; miR: miRNA; ref: reference.](oncotarget-11-1085-g004){#F4}

![(**A**) Overall survival meta-analysis for miR-30 family (miRNA expression level decreased versus increased expression level). (**B**) Overall survival meta-analysis for miR-200 family (miRNA expression level decreased versus increased expression level). (**C**) Articles references of miRNA and their respective status correlated to OS. OS: overall survival; up: upregulation; down: downregulation; miR: miRNA; ref: reference.](oncotarget-11-1085-g005){#F5}

DISCUSSION {#s4}
==========

miRNAs have been shown to affect virtually all cellular functions including proliferation, apoptosis, cell cycle and differentiation \[[@R4]\], and they can act as either oncogenes or tumor suppressor genes. The expression profiles of miRNA in different tissues, blood-based serum, and plasma has also been thoroughly evaluated and may be used as surrogate prognostic biomarkers. Taylor and cols. compared the miRNA expression profile of serum and tumor-derived exosomes from the same patients and identified eight miRNAs (miR-21, miR141, miR-200a, miR-200b, miR-200c, miR-203, miR-205, and miR-214) with similar expression levels in both tissue and tumor-derived exosomes \[[@R5]\]. Circulating miRNAs could potentially serve as noninvasive diagnostic markers; in recent years, increasing amounts of research have led to rapid development of this field \[[@R5]\]. However, miRNA profiling studies have failed to show agreement between their results for some miRNAs. In this systematic review we focus on the most cited miRNAs in the literature to illustrate the many disagreements between studies. Further discussion of the present findings will focus on two major miRNA families: miR-200 and let-7.

miRNAs as diagnostic biomarkers {#s4_1}
-------------------------------

Detection of ovarian cancer in its early stages is rare, but critical to effective treatment. Biomarkers with high sensitivity and specificity are urgently needed \[[@R5]\]. Iorio and cols. reported that different miRNA expression profiles could clearly differentiate ovarian cancer from normal controls \[[@R6]\]. Chen and cols. through systematic review postulated that upregulation of miR-200a, miR-200b, miR-200c and miR-141 and downregulation of miR-100 would be promising candidate biomarkers for epithelial ovarian cancer \[[@R7]\]. The miR-200 family includes miR-200a, miR-200b, miR-200c, miR-141, and miR-429, which are arranged in two clusters in the human genome. miR-200a, miR-200b and miR-429 are located on chromosome 1, while miR-200c and miR-141 are on chromosome 12 \[[@R8]\]. Iorio and cols. have shown that the miR-200 family is among the most significantly overexpressed miRNAs in epithelial ovarian cancer \[[@R6]\]. Expression levels of miR-200a and miR-200c were upregulated in three types of ovarian cancer: serous, endometrioid, and clear cell. However, miR-200b and miR-141 were upregulated in endometrioid and serous ovarian cancer \[[@R6]\].

The role of the miR-200 family in ovarian carcinoma is not completely understood. While it is believed to suppress metastasis, most studies done on the family show that it is overexpressed in ovarian cancer \[[@R9]\]. However, some studies have reported that miR-200 family members are either downregulated \[[@R9]\] or unchanged \[[@R10]\]. These conflicting results may be due to different normal controls or the inclusion of ovarian stromal cells which lack miR-expression. The most prominent targets of the miR-200 family are two binding transcription factors, ZEB1 and ZEB2, key regulators of a complex network of transcriptional repressors regulating E-cadherin expression and epithelial polarity \[[@R7]\]. ZEB1 and ZEB2 are involved in mediating the epithelial to mesenchymal transition and can inhibit the expression of miR-200 family members by binding to the promoter of both miR-200 clusters thereby blocking transcription \[[@R11]\]. Leva Di G. described how cancer cells, after being triggered by molecular signaling, increase their levels of ZEB1/2, which in turn decrease the expression of miR-200 and induce epithelial to mesenchymal transition \[[@R12]\].

In contrast, overexpression of miR-200 family members represses ZEB1/2, leading to higher levels of E-cadherin and an epithelial phenotype \[[@R13]\]. In fact, Park and cols. have shown a positive correlation between E-cadherin and miR-200c expression in ovarian cancer tissue. Low expression of the let-7 family has also been identified as a potential early marker for diagnosis \[[@R14]--[@R15]\]. The let-7 family in humans consists of 13 miRNAs located on nine different chromosomes \[[@R16]--[@R17]\]. In multiple human cancers expression of the let-7 family is known to be significantly reduced.

miRNAs as prognostic biomarkers {#s4_2}
-------------------------------

Low expression of members of the let-7 family has also been associated with decreased overall survival in several studies. Most members of let-7 family are reported to act as tumor suppressors \[[@R14], [@R15]\]. Low let-7 expression has been associated with poor survival of cancer patients \[[@R18], [@R19]\]. let-7 suppresses multiple ovarian cancer oncogenes including KRAS, HRAS, c-MYC, and HMGA-2 \[[@R20]\]. It also inhibits cell cycle regulators such as CDC25, CDK6, and Cyclins A, D1, D2, and D3 \[[@R12], [@R13]\]. Cao and cols. showed that patients with high expression of miR-200a, miR-200b, and miR-200c present shorter OS than controls (all *p \<* 0.001) \[[@R21]\]. Nam and cols. also associated high expression of the miR-200 family with decreased progression free survival (PFS) and OS of ovarian cancer patients \[[@R8]\]. Eitan and cols., however, reported that the expression levels of miR-200a and miR-200b may be lower in late than in early stage tumors, despite the fact that a high level of miR-200a expression in advanced stages has been correlated with poor ovarian cancer outcome \[[@R22], [@R23]\].

miRNAs as chemotherapy response predictors {#s4_3}
------------------------------------------

Recent studies have shown a correlation between loss of let-7 and resistance to chemotherapy \[[@R14], [@R15]\]. Leskelä and cols. showed that the miR-200 family (miR-141, miR-200a, miR-200b, miR-200c, and miR-429) is implicated in the response to paclitaxel treatment and PFS via regulation of β-tubulin III. MiR-200c is significantly associated with recurrence of ovarian cancer and miR-429 is associated with progression free and OS rates. Downregulation of miR-200 family causes increased expression of β-tubulin III, which leads to the development of chemoresistance in ovarian cancer patients. Cao and cols. (2014) concluded that patients with high expression of miR-200a, miR-200b, and mi-R200c present shorter overall survival than the corresponding controls (all *p \<* 0.001) \[[@R21]\]. Moreover, Pal and cols. (2015) have shown that reduced expression of miR-200c is positively correlated with recurrence of ovarian cancer \[[@R22]\]. In addition, miR-200 overexpression significantly inhibits ovarian cancer cell invasiveness and metastasis by downregulating MMP3, possibly through ZEB1/pSMAD3 signaling \[[@R22]\].

Overall survival meta-analysis {#s4_4}
------------------------------

In our systematic review were found 72 review articles and only four systematic reviews with meta-analysis. Sun and cols. evaluated the prognostic value of miR-9 in different types of carcinomas. The study evaluated 16 articles and only three included ovarian cancer. They found that downregulation of miR-9 was associated with worse OS in ovarian cancer. The other types of cancer presented with opposite results: worse prognosis was associated with upregulation of miR-9. Liang *et al*. performed a meta-analysis evaluating miR-145 as a novel biomarker in ovarian cancer. Initially, the study compared the level of miR-145 between 135 healthy controls, 84 patients with malignant ovarian cancer, and 51 with benign ovarian cancer. The results showed that the relative expression of serum miR-145 was significantly downregulated in patients with malignant ovarian cancer and benign ovarian cancer compared to healthy controls (*p \<* 0.01). Serum miR-145 level could discriminate patients with malignant ovarian cancer compared to healthy controls with a power area under the curve AUC of 0.82 (95% confidence interval +0.77-0.88). Furthermore, patients with low serum levels of miR-145 had significantly shorter median OS. In the same study, the authors performed a meta-analysis with the intention of evaluating the overall diagnostic accuracy of miR-145 for various cancer histology. Fifteen studies were included in the meta-analysis and the carcinomas included were bladder, biliary tract, prostate, colorectal, breast, lung, and pleural mesothelioma. Due to heterogeneity between studies, further analysis was conducted based on ethnicity and, compared to Asian populations, miR-145 exhibited a relatively higher overall diagnostic accuracy in Caucasian populations. Wang and cols. evaluated the apparent discrepancy between miR-200c expression and survival in solid tumors. It included in its analysis 5 studies including patients with gastric, endometrial, pancreatic, colorectal, and ovarian cancers. For construction of the forest plots the miRNAs were divided into serum miR-200c (two studies) and tissue miR-200c (two studies) and were correlated to overall survival. Results showed an increased mortality in patients with high expression of miR-200c in serum. In contrast, low expression of miR-200c in tissue indicated higher mortality.

Shi and cols. conducted the first meta-analysis of ovarian cancer alone and aimed to evaluate the prognostic molecular signature of miRNA-200 and miR-30 families. The author concluded that higher expression of miR-200c in tissue was significantly associated with better OS, and upregulation of miR-200c in blood was related with poorer OS. Meta-analysis of the miR-30 family revealed that elevated levels of miR-30a and miR-30d were associated with better OS. In our study, miR-200c in one article was identified as an indicator of good prognosis and in the other two articles as a high-risk factor. Results regarding miR-30a and miR-30d were inconclusive to OS, but with a trend toward being a good prognosis factor when upregulated.

Hu and cols. evaluated the prognostic value of miRNAs by expression profiling in 55 ovarian cancer patients. In this study, miR-200a showed a significant association with cancer survival, and overexpression of miR-200a predicted favorable disease outcome among 96 miRNAs analyzed \[[@R23]\]. However, Nam and cols. in another study showed that overexpression of miR-200a was associated with poor prognosis \[[@R24]\]. The results in most studies for the miR-200 family showed poor prognosis when miR-200a, miR-200b, and miR-429 were upregulated, and presented contradiction in the studies for miR-200c with a tendency to poor prognosis when upregulated. Regarding the let-7 family, the eligible studies didn't include the necessary data to be included in the forest plot.

The present meta-analysis had some limitations. The studies demonstrated significant heterogeneity in sample size, follow-up length, and methodology for miRNA identification. Despite these differences, the intention of this systematic review was to identify the most mentioned miRNAs in literature focusing on prognostic and diagnostic features. The OS meta-analysis identified 12 miRNA candidates as strong prognostic and predictive markers that should be further investigated in randomized prospective studies.

CONCLUSIONS {#s5}
===========

miRNAs have proven to be promising tools in cancer management. Since their discovery, in 1997, they have been studied as prognostic, diagnostic, and response predictive biomarkers. This systematic review provides a comprehensive review of miRNA as predictors of chemotherapy response and prognostic markers. These findings may improve early diagnosis of ovarian cancer and predict response to chemotherapy. Results need to be validated in prospective randomized trials.
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